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INTRODUCTION

The control of  swallowing involves a complex 
interaction between muscles and nerves that coordi-
nates the safe passage of swallowed material from the 
mouth to the stomach(13). It is an ongoing process that 
involves the mouth, pharynx and esophagus, many 
oral structures, muscles and nerves.

The process of swallowing can be altered by diseas-
es such as gastroesophageal reflux disease (GERD) (8), 
which is characterized by the return of food contents 
present in the stomach into the esophagus, causing 
symptoms and impairing the quality of  life of  pa-
tients(18). The refluxed material generally has an acid 
pH, with the presence of hydrochloric acid and pepsin 
and at times bile acids and pancreatic enzymes that 
can irritate and damage the lining of the esophagus 
and cause symptoms and alter sensitivity(6). Hyper-
sensitivity to acid may occur in patients with erosive 
and non erosive GERD(7).

GERD is the most common identifiable cause 
of  dysphagia(15). In GERD, changes occur in the 
oropharyngeal transit of liquids and soft foods, be-
ing slower in these patients compared to the transit 
time in healthy subjects(8). Patients with GERD have 
impairment of esophageal chemical clearance(12) and 
erosive esophagitis causes longer esophageal bolus 
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transit(10). In the esophagus of healthy individuals and 
in patients who have suffered stroke, it was observed 
that a bolus with a sour taste and acidic pH has slower 
transit in the distal part when compared with a bolus 
with neutral pH(3, 4). Thus, it may be that the flavor 
and/or pH of the swallowed liquid have influence on 
the swallowing of patients with GERD.

Women have less ingestion flow and volume in each 
swallow than men(2), probably due to the adaptation 
to anatomical differences and a lower oral volume 
capacity(16), which can be influenced by taste and pH.

Our hypothesis is that the ingestion of a sour liquid 
with acidic pH has a different ingestion dynamic than 
the ingestion of a liquid with neutral taste and pH; 
with GERD patients, the ingestion of a sour liquid 
with acidic pH would take longer that in healthy 
subjects. Our aim in this investigation was to evaluate 
this ingestion in patients with GERD and individuals 
without the disease, and to verify the effect of gender.

METHODS

Seventy-nine individuals of  both sexes were 
enrolled in the study. Twenty-nine subjects had a 
diagnosis of  GERD, characterized by symptoms 
(heartburn and regurgitation) and diagnosed by upper 
GI endoscopy with esophagitis grade A or B of the 
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Los Angeles classification (n = 17) and/or abnormal 24-hour 
intraesophageal pH monitoring (n=15)(7,18). All subjects were 
in treatment of the disease with proton pump inhibitors, with 
symptom control. There were 21 women and 8 men, aged 
21-78 years (mean: 50.5 ± 12.8 years). The control group 
consisted of 50 subjects, 34 women and 16 men, aged 18-73 
years (mean: 36.4 ± 16.2 years). To evaluate the effect of 
gender, two groups were formed between men (n = 24) and 
women (n = 55). The components of the two groups had no 
neurological or endocrine diseases, difficulty with swallowing 
or malnutrition. The control subjects had no gastrointestinal 
complaints. Patients were recruited from the outpatient medi-
cal and surgical clinics of the Hospital das Clínicas, Ribeirão 
Preto (HCRP). Control subjects were recruited from among 
the companions of the patients and those that work and study 
within the hospital of the institution. The research protocol 
was approved by the research Ethics Committee of both the 
HCRP and the Ribeirão Preto Medical School - University 
of São Paulo (FMRP-USP). Written informed consent was 
obtained from all participants.

The test was performed by ingestion, at room tempera-
ture, in duplicate, of 100 mL of water (pH 6.8) and 100 mL 
of lemon juice (pH 3.0) prepared with 12 g of powdered juice 
(Fit Diet, Ajinomoto Inter Ind. e Com Ltda, Limeira SP) 
diluted in 200 mL of water. Ingestion was continuous and 
comfortable to the individual, with simultaneous measure-
ments of the time of ingestion, measured by stopwatch, and 
the number of swallows necessary for the ingestion of the 
entire volume. The alternating sequence of  ingestion was 
drawn beforehand between two options: one starting with 
water and the other lemon.

The tests were performed with the subject sitting with 
the head in a neutral position, looking straight ahead. The 
liquids were offered in disposable plastic cups with a capac-
ity of 100 mL. The interval between tests was a minimum 
time of 1 minute. Ingestion started when the liquid touched 
the lips of the subject and ended when the thyroid cartilage 
returned to resting position after the last swallow.

With the values of  ingestion time and the number of 
swallows, we calculate: (1) interval between swallows - the 
total time of ingestion divided by the number of swallows; 
(2) ingestion flow - the total volume ingested (100 mL) di-
vided by the time of ingestion; (3) swallowing volume - the 
total volume ingested (100 mL) divided by the number of 
swallows(1, 9, 13, 14).

For statistical evaluation, a linear regression model was 
used with mixed effects (random and fixed effects). Linear 
mixed models are used in data analysis in which responses 
are grouped (more than one measure for an individual) and 
the assumption of  independence between observations in 
the same group is not adequate(20). These models have the 
assumption that their waste has normal distribution with 
mean 0 and variance σ². In situations where this assumption 
was not observed, a logarithmic transformation was used in 
the response variable. This procedure was performed using 
the SAS® 9.0 software, using PROC MIXED. The results are 
presented in mean and 95% confidence interval (95% CI).

RESULTS

In both the healthy subjects forming the control group 
(Table 1) and the patients with GERD (Table 2), the acidic 
liquid took longer to be ingested, with a greater number of 
swallows, slower ingestion flow and lower volume in each 
swallow compared with the neutral fluid (P<0.01). There was 
no difference between the control subjects and patients with 
GERD (P>0.20) in time to ingest the entire volume, the num-
ber of swallows, the interval between swallows, the ingestion 
flow (Figure 1) and the volume in each swallow (Figure 2).

TABLE 1. Ingestion of 100 mL of water and 100 mL of lemon juice in 
normal subjects (n = 50)

Water Lemon  

  Mean 95% CI Mean 95% CI P value

Time (s) 8.1 7.5-8.8 9.9 8.9-11.0 <0.01

Number 6.3 5.9-6.7 7.4 6.8-8.0 <0.01

Interval (s) 1.3 1.2-1.4 1.3 1.3-1.4 0.53

Flow (mL/s) 14.2
13.1-
15.3 12.7

11.5-
13.8 <0.01

Volume (mL) 17.6
16.4-
18.8 15.4

14.3-
16.4 <0.01

CI: confidence interval

TABLE 2. Ingestion of 100 mL of water and 100 mL of lemon juice in 
patients with gastroesophageal reflux disease (n = 29).

Water Lemon  

  MEAN 95% CI MEAN 95% CI P value

Time (s) 9.3 8.2-10.5 11.3 9.9-12.6 <0.01

Number 6.7 6.0-7.7 7.7 7.1-8.4 <0.01

Interval (s) 1.4 1.3-1.5 1.4 1.3-1.5 0.50

Flow (mL/s) 12.7 11.4-14.0 10.6 9.6-11.6 <0.01

Volume (mL) 16.7 15.3-18.1 14.2 13.1-15.3 <0.01
CI: confidence interval

FIGURE 1. Box plot of ingestion flow of 100 mL of water and 100 mL of 
concentrated lemon juice in healthy subjects (n = 50) and patients with 
gastroesophageal reflux disease (GERD, n = 29).
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Analyzing all subjects studied (n = 79), we observed that 
women had the longest ingestion time, greater number of 
swallows, smaller ingestion flow and volume in each swallow 
than men (Table 3, P<0.01).

DISCUSSION

This study aimed to analyze the intake of  acidic and 
neutral liquids in healthy subjects and patients with GERD. 
This was performed with the swallowing of  liquid test, 
which is considered a reliable method for measuring the 
performance of swallowing(1, 9, 13, 14). From the data obtained, 
we observed that the ingestion of sour liquid with acid pH is 
prolonged in relation to the ingestion of  no flavored liquid 
and neutral pH.

Previous investigation showed that the acidity of  the 
bolus does not induce differences in the durations of the oral 
and pharyngeal phases of  swallowing, nor in the residues 
amounts remaining in the mouth and pharynx(4). Electromyo-
graphic activity of the mylohyoid, geniohyoid and anterior 
belly of the digastric muscles is stronger with swallows of a 

sour bolus than a neutral bolus(17). This might cause modi-
fications of oral and pharyngeal phases of swallowing, but 
there is no difference between acidic or neutral bolus in the 
oral and pharyngeal transits(4). In normal subjects the swal-
lowing function should work at its best, without significant 
influence of the bolus taste(4, 5).

The observed difference in ingestion may be related with 
the esophageal phase of swallowing. Alterations in esopha-
gus may also cause alterations in pharyngeal function(22). In 
proximal esophagus, the transit of an acidic bolus is faster 
than a neutral bolus, which should be consequence of the 
stronger contraction of muscles(17), and in middle and in distal 
esophagus, the transit is slower, associated with an increase 
of  the amount of  distal esophageal residues(4). Ineffective 
esophageal motility, present in some patients with GERD(18), 

should have influence on the esophageal transit, but the same 
influence should be seen with the neutral bolus. Ineffective 
esophageal motility has little effect on esophageal acidic 
clearance in upright position(21).

The results might be different if  the patients were not in 
treatment. Control of the symptoms (heartburn and regur-
gitation) might cause no further response to the ingestion 
of  the acidic liquid. We expected that the ingestion of  an 
acidic bolus by patients with GERD would be different from 
normal volunteers, but there was no difference, indicating 
the possibility that the disease does not cause alteration of 
liquid ingestion.

The longer esophageal distal clearance of the acidic bolus, 
seen in healthy subjects and patients with stroke(3, 4), may 
have influence on the pharyngeal phase of swallowing, an 
involuntary phase which may have adaptations to the slower 
esophageal transit, as is seen in Chagas’ disease(19). Another 
possibility is that the slower swallowing is a behavior to avoid 
a fast alteration of intra-esophageal pH. In normal situations, 
the intraesophageal pH is near seven. Gastroesophageal 
reflux causes a fall in the intraesophageal pH, with primary 
or secondary contractions (volume clearance) and the acid 
neutralization by saliva (chemical clearance), restoring the 
pH to normal values.

The mixed sensory stimuli (olfactory, visual and taste) 
are another alternative for explanation of  a longer inges-
tion of  the acidic bolus. The sour bolus is considered by 
the population as an unpleasant bolus taste(4, 5), which 

TABLE 3. Ingestion of 100 mL of water and 100 mL of lemon juice in men (n = 24) and women (n = 55).

Water Lemon

Men Women   Men Women  

  Mean 95% CI Mean 95% CI P value Mean 95% CI Mean 95% CI P value

Time (s) 7.0 6.0-7.9 9.3 8.6-10.0 <0.01 7.8 6.8-8.7 11.6 10.6-12.6 <0.01

Number 5.7 5.1-6.2 6.8 6.4-7.1 <0.01 6.3 5.7-6.9 8.1 7.5-8.6 <0.01

Interval (s) 1.2 1.2-1.3 1.4 1.3-1.5 0.11 1.2 1.1-1.3 1.4 1.3-1.5 0.02

Flow (mL/s) 16.6 15.0-18.3 12.3 11.5-13.2 <0.01 15.2 13.4-17.0 10.4 9.7-11.2 <0.01

Volume (mL) 19.7 17.8-21.7 16.2 15.3-17.1 <0.01 17.7 16.0-19.4 13.7 12.9-14.5 <0.01
CI: confidence interval

FIGURE 2. Box plot of volume of each swallow with ingestion of 100 mL 
of water and 100 mL of concentrated lemon juice in healthy subjects  
(n = 50) and patients with gastroesophageal reflux disease (GERD, n = 29).
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can have influence in the anticipation of  the ingestion 
of  the bolus.

With the same method used in this investigation, it has 
been shown that women have less ingestion flow and volume 
in each swallow than men(2), results confirmed by this study. 
Swallowing evaluation by videofluoroscopy found slower 
pharyngeal passage of  a swallowed bolus in women com-
pared to men(11). The observed differences in swallowing be-
tween men and women may be due to anatomical differences 
between genders(16). Men and women had the same response 
to the ingestion of acidic liquid, i.e., decreased ingestion flow 
and volume in each swallow.

There are some limitations in this investigation. The num-

ber of patients included might be higher and evaluation of the 
oral, pharyngeal and esophageal transit was not performed. 
Performing the same evaluation in patients without treatment 
for GERD and symptomatic may reach different results.

CONCLUSIONS

Liquid acidic bolus has ingestion dynamics different than 
a neutral liquid. There was no difference between the liquid 
ingestion of  patients with gastroesophageal reflux disease 
and healthy subjects. Women have lower flux of  ingestion 
and lower volume in each swallow than men, with acidic 
and neutral boluses.

Gomes DC, Dantas RO. Ingestão de líquidos ácido e neutro em pacientes com doença do refluxo gastroesofágico. Arq Gastroenterol. 2014,51(3):217-20.
RESUMO – Contexto - Líquido ácido tem um trânsito pelo esôfago distal mais lento do que líquido neutro. Nossa hipótese é que um bolo azedo ácido 

tem uma ingestão com diferente dinâmica em relação à ingestão de um bolo neutro. Método - Foram avaliadas a dinâmica da ingestão de 100 mL 
de líquido ácido azedo (suco de limão concentrado, pH: 3,0) e 100 mL de água (pH: 6,8) em 50 indivíduos saudáveis e 29 pacientes com doença do 
refluxo gastroesofágico (DRGE). Foi medido o tempo para ingerir o volume total, o número de deglutições ao ingerir o volume, o intervalo entre as 
deglutições, o fluxo de ingestão e o volume ingerido em cada deglutição. Resultados - Em ambos os grupos o líquido ácido levou mais tempo para 
ser ingerido, com um maior número de deglutições, fluxo mais lento de ingestão e um menor volume em cada deglutição. Não houve diferença entre 
indivíduos saudáveis e pacientes com DRGE. A ingestão em mulheres foi mais longa do que nos homens. Conclusão - Líquido ácido tem uma dinâmica 
de ingestão diferente do líquido neutro, que pode ser consequência do trânsito mais lento através do corpo esofágico distal ou antecipação à ingestão 
de liquido azedo. Pacientes com DRGE tiveram a mesma ingestão prolongada do líquido ácido que os indivíduos saudáveis.

DESCRITORES - Refluxo gastroesofágico. Transtornos de deglutição. Acidez.
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